This study evaluated the cytotoxicity of mixtures of citral (CTR) and either benzisothiazolinone (BIT, Mix-CTR-BIT) or triclosan (TCS, Mix-CTR-TCS) in human A549 lung epithelial cells. We investigated the effects of various mix ratios of these common air freshener ingredients on cell viability, cell proliferation, reactive oxygen species (ROS) generation, and DNA damage. Mix-CTR-BIT and Mix-CTR-TCS significantly decreased the viability of lung epithelial cells and inhibited cell growth in a dose-dependent manner. In addition, both mixtures increased ROS generation, compared to that observed in control cells. In particular, cell viability, growth, and morphology were affected upon increase in the proportion of BIT or TCS in the mixture. However, comet analysis showed that treatment of cells with Mix-CTR-BIT or Mix-CTR-TCS did not increase DNA damage. Taken together, these data suggested that increasing the content of biocides in air fresheners might induce cytotoxicity, and that screening these compounds using lung epithelial cells may contribute to hazard assessment.
Air fresheners contain a variety of ingredients, including essential oils, volatile organic compounds (VOCs), and biocides such as citral (CTR), triclosan (TCS), and benzisothiazolinone (BIT) [1, 2] . CTR (3,7-dimethyl-2,6-octadien-l-al) has a lemony scent and is commonly used in perfumes, cosmetics, pharmaceuticals, and toys [3, 4] . In addition, CTR is used as a flavoring substance in the food industry for the production of beverages and chewing gum [5] . TCS (5-chloro-2-(2,4-dichlorophenoxy)phenol) and BIT (1,2benzisothiazol-3(2H)-one) are used as preservatives in personal care products and household goods [6] . Therefore, the general population can be continuously exposed to CTR, BIT, and TCS in the indoor environment, via inhalation.
Exposure to CTR is generally considered safe, but is known to induce dermal toxicity, such as irritation and sensitization [7] . In addition, previous studies showed that CTR affected the reproductive system in rats [8] . BIT has been reported to cause eye and skin irritation, and induced occupational asthma and rhinitis following inhalation exposure of workers [9] . Oral and dermal exposure of TCS is regarded as safe. However, inhalation of TCS has been reported to lead to lung inflammation and irritation of the respiratory system [10] . Furthermore, our previous studies have shown that a single intratracheal instillation of TCS induced acute lung inflammation in rats [11] , and that TCS and BIT were more cytotoxic than CTR to lung epithelial cells [12] . In addition, compared to TCS and CTR, BIT clearly inhibited cell growth. Although this evidence indicated that mixtures of CTR, BIT, and TCS may have the potential to cause increased toxicity by acting synergistically, these effects have not been directly investigated. Research into the toxicity of mixtures of these chemicals is therefore important for assessment of their risk to human health. Although cytotoxicity studies have many limitations, they reduce animal testing [13] . Therefore, the aim of the current study was to investigate whether mixtures of CTR with either BIT (Mix-CTR-BIT) or TCS (Mix-CTR-TCS) showed synergistic toxicity in cell culture, prior to in vivo screening of their pulmonary toxicity. 
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Two cell viability assays, the 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyl-tetrazolium bromide (MTT) assay and lactate dehydrogenase (LDH) assay, were used to determine Mix-CTR-BIT and Mix-CTR-TCS cytotoxicity in lung epithelial cells. The cells were exposed to a total biocide concentration of 10 µg/ml (0.001%), containing various mix ratios. This total concentration (0.001%) corresponded to the lowest level of these compounds commonly present in air fresheners in Korea [14] .
Exposure of lung epithelial cells to CTR, BIT, or TCS significantly reduced cell viability in a dose-dependent manner ( Figure 1A ). Further, both Mix-CTR-BIT and Mix-CTR-TCS showed evidence for synergistic cytotoxicity in the lung epithelial cells. Single treatments with 5 µg/ml CTR, BIT, or TCS resulted in cell viability of more than 90%, but the cells treated with Mix-CTR-BIT and Mix-CTR-TCS showed less than 70% cell viability (5 µg/ml:5 µg/ml ratio within each mixture) ( Figure 1A ). Furthermore, increasing the BIT or TCS ratio in the mixture with CTR caused increased cytotoxicity and cell morphology changes, as shown in Figure 1C .
Analysis of LDH release as a marker of cell membrane damage did not reveal any effects of these compounds on cell membrane integrity ( Figure 1B ). However, our previous study showed that TCS and BIT significantly induced LDH release at a concentration of 250 µM. This corresponded to approximately 72.4 and 37.8 µg/ml TCS and BIT, respectively. Therefore, our use of Mix-CTR-BIT and Mix-CTR-TCS at the low concentration of 10 µg/ml in the present study did not appear to damage the cell membrane. To investigate cell growth in the presence of Mix-CTR-BIT and Mix-CTR-TCS, we performed a clonogenic assay. Cells were treated with various mix ratios (total 10 µg/ml) and incubated for 7 days. Our previous study showed that BIT, CTR, and TCS treatment inhibited the growth of lung epithelial cells [12] . In particular, cell growth was severely inhibited in the presence of 5 µM BIT (approximately 0.8 µg/ml). Further, breast cell growth was inhibited and these cells showed cell cycle arrest in the presence of CTR and TCS [15, 16] . As shown in Figure 2 , Mix-CTR-BIT and Mix-CTR-TCS induced a significant decrease in the colony counts and sizes. In particular, compared to Mix-CTR-TCS, Mix-CTR-BIT caused evident inhibition of cell growth. These results suggested that Mix-CTR-BIT caused more severe inhibition of cell growth than did Mix-CTR-TCS.
Generation of ROS can induce cell death, by damaging cellular proteins and lipids [17] . Because Mix-CTR-BIT and Mix-CTR-TCS reduced cell survival/proliferation and altered cell morphology (Figure 1 and Figure 2 ), we hypothesized that Mix-CTR-BIT and Mix-CTR-TCS induced ROS generation, which in turn compromised the lung epithelial cells. As shown in Figure 3 , treatment with Mix-CTR-BIT and Mix-CTR-TCS significantly increased the production of ROS, as compared to that observed in the control cells. However, Mix-CTR-TCS and Mix-CTR-BIT at a ratio of 1:10 did not trigger increased generation of ROS in the cells. This result suggested that ROS generation was affected by the ratio of BIT and TCS to CTR. Since excessive ROS production in cells causes oxidative stress and DNA damage [18] , as a next step, we investigated DNA damage in epithelial cells exposed to Mix-CTR-BIT and Mix-CTR-TCS by using the comet assay. The comet assay showed that 24-h incubation of these cells with the 2 mixtures did not induce a significant increase in tail moment index. Furthermore, no DNA damage was found following a single treatment with 10 µg/ml BIT, TCS, or CTR (data not shown). However, our previous study showed that CTR induced nuclear DNA damage in microorganisms [19] . This difference was thought to be because of structural differences between fungal and mammalian cells.
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In summary, we investigated the cytotoxicity Mix-CTR-BIT and Mix-CTR-TCS in lung epithelial cells. The data suggested synergistic cytotoxic effects of Mix-CTR-BIT and Mix-CTR-TCS, involving ROS generation. Our results provided no evidence for DNA damage caused by Mix-CTR-BIT and Mix-CTR-TCS under these experimental conditions. It is noteworthy that this study represents the first investigation of the comparative cytotoxicity of biocide mixtures commonly found in air fresheners. However, this study has limitations, because only cytotoxicity was measured. Therefore, further studies are required to confirm the inhalation toxicity of the mixtures of these compounds by using a range of methods.
Experimental
Materials: BIT, CTR, and TCS were obtained from Sigma-Aldrich (purity, >99%; Sigma-Aldrich, MO, USA). All other reagents used in this study were of analytical grade.
Cell culture: The A549 (human lung epithelial cell, Korea cell bank, Seoul, Korea) cells were maintained in RPMI 1640 medium (GIBCO, NY, USA) with 10% heat-inactivated fetal bovine serum (FBS, Gibco-BRL, MD, USA) and 1% antibiotics (penicillinstreptomycin, Gibco-BRL, MD, USA) under routine cell culture conditions.
Cell viability and morphology assays:
To investigate cell viability, we used the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT, Sigma-Aldrich, MO, USA) assay and the neutral red (NR, Sigma-Aldrich, MO, USA) assays. Cells were seeded in 96-well plates at a density of 1 × 104 cells per well, and then incubated overnight. The cells were incubated with different concentrations and mix ratios of BIT or TCS:CTR (1:10, 1:5, 1:1, 5:1, and 10:1) for 24 h. After exposure, cells were analyzed by MTT and NR assay according to the manufacturer's instructions. The absorbance was measured using a microplate reader (Tecan, Salzburg, Austria) at a wavelength of 540 nm. To examine cell morphology, the cells were seeded in 4-well Lab-TeK II chamber slides (Thermo Fisher Scientific, MA, USA) at a density of 5 × 104 cells per well. Attached cells were treated with Mix-CTR-BIT or Mix-CTR-TCS for 24 h before staining with the Giemsa stain. Cell and nuclear morphology were then examined under a microscope.
Clonogenic assay:
This assay was modified and used as previously described [12] . Briefly, cells were seeded (500/well) in 6-well plates and allowed to adhere overnight. After incubation, the cells were treated with Mix-CTR-BIT or Mix-CTR-TCS for 7 days prior to staining with crystal violet (0.1% crystal violet in 20% methanol).
ROS analysis:
ROS generation was quantified using 2′,7′dichlorodihydrofluorescein diacetate (DCFH-DA, Sigma-Aldrich, St Louis, MO, USA) according to the manufacturer's guidelines. Cells were seeded in 96-well black plates at a density of 1 × 104 cells per well, and in 4-well chamber slides (Thermo Fisher Scientific, MA, USA) at a density of 5 × 104 cells per well. The attached cells were incubated with Mix-CTR-BIT or Mix-CTR-TCS (various mix ratios) for 24 h. After incubation, the cells were washed with cold PBS and incubated with DCFH-DA (40 µM) for 30 min. Following incubation with DCFH-DA, fluorescence (indicating ROS) was detected using a fluorescence plate reader (Tecan, Salzburg, Austria) or fluorescence microscopy (Carl Zeiss, Jena, Germany).
Statistical analysis:
Results were analyzed by the Student's t-test and analysis of variance (ANOVA), and the IC50 was calculated (Graphpad Software, San Diego, CA, USA). All results are shown as means ± standard error of the mean (SE). A value of * P < 0.05 was considered significant and ** P < 0.01 was highly significant, compared to the corresponding control.
